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24 CS. (CL 17195) 
1 
Vio meth0ds and devices have heretf0e 
bçen proposed for delivering an 0utP t bent 
or voltage which is proportional fo the logarith- 
m mDlitude of an input voitaë or currët de- 
rivÇ ff0 m soin e physicl.Pheomen0n t0 be eyalr 
Utêd 0r meased. Some of these systems utflize 
instrumentslb hch logarithmic defiection of a 
poïër is òbaed thrug the use of a n0niinéar 
4iëctgomêchcal device, or 0f rrangements 
whi6h d6iVë a ogarithmiC charaCteristic from 
sPëcil pgoprties of circt elements such as 
Vcuum tubes or mtegials with seledted Condfic- 
ti%i9 Chaacteristics. 
I  one of te maih0bjectsof te P2Cent n- 
Venioa to Prode a system of that te, Whih 
resp0d i0gagitc£11y to an input Sal, mër: 
ly thugh propër e of linear pasgivé cigcuit 
4lemènts wiout èmployig any Phculiar 
ti6fi harcegistics of vacu tubes Or other 
6t elément and which 
ëefl6 of uch chractëristic Whic are 6fen 
5htrolla5! v$ibl, te systëm responè ë- 
in due 0y t te e of Stdard elëments #ith 
9d to thèir m0st fwrable hg and 
stIè p'eatin chagàcterigtig 
religblè, èxct, ésy fo maintáifi in pr0er 
atg condition and comparçtively ineXPësie. 
In  brbgd Ct te invêntion cbfitepïltes 
 ëlêoErai Ysé With n 0utpt. ial a- 
ig ldgariticH th respect rb n inPUt ial 30 
comprisg an àttënti0 nèt6r Hareng a 
lbggftic voità$ezté haacêistic, a s0uce 
Of btêntaI proriondi to te mgmudë of the 
ïhpu gi$nal, and a S0Ce 
tial which, in different aspects of the Vet0, 35 
dY b either a Cofitgnt Agtudê rèct poten- 
tiï  n dltefg p6têfltial haing 
shape with a constant peaE ![td. coec- 
tï0 ge pr0ç[ded fo efirgiê thè néforE flore 
oçç .of these soces and fo r pplymg th 
Soce to thë netw0rk as  compdrative tténa- 
tion standard. 
Iff 6f5er gspecS thê àttënuEi6 nétwo is 
energized by either the P0tëntal poPorti0nal 
h- mitude of 
té g5cé 0t c0Atnt peak otënt[al as dèfinëd 
boVe, the other socë bein$ d gs g CoPar  
tire attenuation standard.  all gsPè the 
edl feqkèd for a-ttênt0n betweèn £5ë 0 
ifs o a ptefitiàl éuáI  AagAiud and 6P- 
posite in polity £0 é P0£eia Of he c0- 
drffç stgndad afin'  p0tediàl With à g- 
mtude determined by the maùde o të eHë: 
g 0e  therb 0 0bfai 

2 
pressing in terms of ime a logarithmiC -orïéiR . 
tion of the amplituds of the input and outpu 
signals.. 
In other aspects the attenuati0n network ïr- 
Cludcs a reactive impedance and a serCs coik 
nected resistor with the energizing poténtial 
ing supplied by a square wave generator, nd.the 
timing device including a vacuum t_ube..amp!ifier 
The tube bas a grid and cathode connected t0 the 
oUtput terminals of. the attenuatip, netyk. 
The tube anode is connected in series with a 
directional current limiter, and a meter. _The 
grid bias of the tube is such .tha curent .fl0wç 
through the anode circuit and ui t_lougl. 
meter only during the rime intervals requir_ed or 
attenuatidn between the limits of. a potetia! 
equal in magnitude and opposite _in polarity.o the potential used as a comparative .standar.d, 
and a potential with a magnitude determined by 
the magnitud of the P0tential of the energiz_i 
ource and the attenuation rate Of .the nètwòrk. 
The latter, limiting potential is .the potentiel 
oï the network oUtput terminàls at the beginning 
dï ach succeeding cycle when ä square Wave po- 
tential having an amplitude propò, rtional t0 tt 
input signal is applied fo the netwok as h e 
energizing potential. When the netwokk ïs enr- 
gized b a square wàVe With a constant lèák 
plitude, the latter limiting p0tential is hat ï- 
tentil acros the netWork outpu tèrmiráls 
wliich atnuation bas taken place by the end 
of à hálï wave cycle. 
In.one SpeCific aspect a capacitor ánd a 
siSt0r of an atteriuation network are coilnectéd 
i series With a square ave genèrator. Ttië 
anode of a rectifying .diode for the positive 
tion of the input signal is linked with the iniJUt 
signal soUrce, the asociaed Cathode 
coupled by a ripple filter witll the Cath0dé 
lmited diode Whósé anode cönnectS with thê out- 
Put teriflinàl, of th e squàre wavè genératr.. 
cathode of a SeCond rectifying di0de, for tle ne... 
tire portion of the input signal is likewise liriEêd 
with the input ignal source. À secohd ripp!e 
n.,ter COulles the anode of tie Secon d réctifyir 
diode wih the anode Of a second limiter di6Iè 
Wh0s cathode connects with th gènerator oùf  
pu terminal. 
 .To increasé the sengitivity án linèarit Òf 
àb0vé di0ç!eS t 10 signal levëi a connection 
is Provided tÒ ä direct power ource  so tht 
sn!ll current continuouslY circultes thë 
thrëugh .hereby the mplitiide of the squë 
Wave impresed UPOr/the netwërk is always im 
prtional t0 the input signal. The direc/ poC 
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source is also connected to the attenuation net- 
work through a resistor to impress a comparative 
attenuation standard potential thereupon. 
The timing device includes two interconnected 
vacuum tubes each having a cathode, a grid and 5 
an anode. The rst stage grid and cathode are 
connected to the output terminals of the 
tenuation network. The anode is coupled di- 
rectly to the second stage grid and is also con- 
nected to the direct power source by means oï a 10 
series resistor. 
A second resistor links the second stage anode 
with the power source. A series connected meter 
and unidirectional current limiter provide a par- 
allel path between the second stage anode and 15 
the power supply whereby during the rime 
terval ïrom the energization oï the network by 
a negative wave ïrom the square wave generator 
until the attenuation reaches a potential equal 
in magnitude and opposite in polarity to the 20 
comparative standard potential, the resuitant 
negatiie potential on the grid prevents the first 
stage tube ïrom conducting so that the positive 
p0tential on the second stage grid causes a cur- 
rent fo flow through the meter whereby its in- 25 
dication is proportional to the duration oï the 
current pulses applied thereto, thereby fo express 
a logarithmic correlation oï the amplitudes 
the input and output signals. 
Connections are also marie between the direct 
power source and the meter fo direct a reverse 
current therethrough thus preventing ambiguous 
indications when no current flows in the ch'cuit 
oï the second stage anode during intervals when 
the flrst stage grid is ai a positive potential. 
In another specific aspect the series connected 
capalitor and resistor oï the attenuation net- 
work are coupled to the input signal source by 
means of a ïull wave rectifier and a ripple filter 
so that a negative potentia.1 proportional to the 
amplitude oï the input signal is impressed upon 
the network as a comparative attenuation stand- 
ard. ihe network is energized by a square wave 
generator with an output terminal connected  
to the input terminal of the network. 
To maintain the amplitude oï the square wave 
ïrom the generator constant, the anode oï a diode 
is connected fo the generat0r output terminal. 
The diode-cathode is couiled to the more posi- 
tive terminal oï a bleeder resistor conneited fo 50 
the direct power source thereby to limit the posi- 
tive peak amplitude oï the generator output. 
The negatiçe peak amplitude is limited by a sec- 
ond diode having an anode and cathode linked 
to the more negative terminal oï the bleeder re- 55 
sistor and the generator output terminal respec- 
tiiely. 
The output terminals oï the network are con- 
nected with a timing device including two vac- 
uum tubes interconnected as a two-stage ampli- 60 
fier with the flrst-stage grid and cathode coupled 
to the output terminals oï the attenuation net- 
work. The first-stage anode is connected to the 
square wave generator by a series resistor and is 
also linked directly to the second-stage grid. 65 
ihe second-stage anode is connected to the di- 
rect power source by both a resistor and a paral- 
lel path including a unidirectional current limiter 
and a meter connected in series therewith where- 
by du_ring the interval beginning at the rime the 70 
potential of the attenuation network is equal in 
maguitude and opposite in polarity to the po- 
tential of the comparative standard and termi- 
nating at the start of the next half cycle by the 
reversal of polarity of the potential upon the 75 
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first stage anode, the meter indication is pro- 
portional to the duration of the current puises 
applied thereto, thereby to express a logarithmic 
correlation of the amplitude of the input and 
output signals. 
A feature of the invention is an electrical cir- 
cuit for supplying a square wave with an ampli- 
tude proportional to an input signal This cir- 
cuit comprises two rectifying elements comected 
to the input signal source, one of these elements 
rectifying the positive portion of the signal, the 
other element rectifying the negative signal por- 
tion. A unidirectional element connects the re- 
spectiie rectifying elements in the opposite sense 
with the output terminal of a square wave gen- 
erator whereby the amplitude of the square wave 
is limited to the magnitude of the positive and 
negative potentials impressed on the unidirec- 
tional elements by the respective rectflïers upon 
the conduction of one of the unidirectional ele- 
ments whenever the potential correIated there- 
with is exieeded. 
Another feature is an eIectrical network for 
completely cutting off the flow of current in the 
output circuit thereof in response to a predeter- 
mined change, in the potential of an input sig- 
nal. This network comprises a two-stage ampli- 
fier including two intercormected vacuum tubes 
with the flrst-stage grid and cathode conneited 
to the output terminals of an input signal source. 
The first stage anode is connected to a direct 
power supply y a series resistor and is also ]inked 
directly to the second stage grid. The second 
stage anode is connected to the power supply by 
both a resistor and a parallel path including a 
unidirectional element, a meter and the network 
output terminals connected in series between the 
anode and power supply whereby the application 
to the flrst stage grid of a signal having a poten- 
tial characteristic to cause a current flow through 
the resistor in series with the first stage anode 
results in a voltage drop which impresses upon 
the second stage grid negative potential sufiïcient 
fo cut off the second stage tube so that a positive 
potential is impressed upon the unidirectional 
element in the sense fo prevent the element from 
conducting. 
These .and other objects, aspects and features 
of the invention will be apparent from the several 
specific embodiments thereof illustrated in the 
accompanying drawings in which: 
Fig. 1 is a block diagram of a simple embodi- 
ment of the invention whereby the output sig- 
nal is logarithmica]ly correlated to a constant 
input signal; 
Fig. 2 is a graphical representation of the out- 
put potential of the attenuation network in Fig. 
1 as a function of rime; 
Fig. 3 is a block diagram of a second embodi- 
ment of the invention whereby the output signal 
is logarithmically correlated to a varying input 
signal; 
Fig. 4 is a detafled wiring diagram of the emæ 
bodiment shown in Fig. 3; 
Fig. 5 is a graphical representation of the input 
and output voltages of the attenuation network 
and the current through the meter M of Fii. 4 
as a function of rime; 
Fig. 6 is a block diagram of a third embodi- 
ment of the invention showing another means 
whereby the output signal is logarithmically cor- 
related fo a varying input signal; 
Fig. ï is a wiring diagram of the embodiment 
shown in Fig. 6; and 
Fig. 8 is a graphical representation of the input 



and` output voltages and. the cnrrent thrQugh the 
meter M of Fig. OE as a functiorof rime:. 
In Fig. 1 is shown an embodimen ' of the inven- 
tion whereby an elapsed interval of rime as meas 
ured. by an. electrical rimer Tf is proportionál t0 
the logarithmic amplitude of a voltage puise ap 
plied across the terminals  ! and 2 of an input 
signal source. Terminals  ! and 2 are connec.ted 
in series with a capacitor C and a resistor R. of 
an attenuation network by one position (.as 
shown) of a single pole. double throw switch 
When in the opposite position, the switch 
provides a short circuiting connection te dis- 
charge the capacitor C: 
One terminal of the resistor 1 is joined fo the 
grid g of a vacuum tube V, the other resistor ter, 
minal being linked with the negatiwe pole of an 
attenuation standard such as the battery B sup- 
plying a constant magnitude direct potential. 
The tube anode pis joined with the terminal of 
a "B÷" power supply (not shown) through the 
solenoid of a relay $2. The normally opened 
contacts of the relay $2 are connected in series 
with a timing device such as the electrically 
driven rimer Tf and the terminals a and c of a 
conventional power supply (not shown). 
Operation of the above circuit can best be 
understood by referring to the diagram in Fïg. 
 wherein the line Er graphically represents the 
exponential relationship of the voltage drop 
across the resistor 1 as a function of rime after 
a direct voltage of the magnitude Ep bas been 
applied to the terminals  and 2 (Fig. 1). This 
relationship is also expressed mathematically as 
g=gp exp (--/R), the well known expression 
for the charge or discharge oï a capacitor through 
a series resistor, where R and C are the ohmic 
impedance of the resistor 1 and the capacitance 
of the capacitor C respectively and E is the volt- 
age across the resistor after the elapse of a 
rime . Expressed in another manner 

=RC(IE-- IE) 

From the above it is evident that the rime tq 
for attenuation of the voltage across the re- 
sistor R to the constant Potential Eq of the 
attenuation standard is, therefore, expressed as 
$q=.C(lnEp-- lnEq) . 
As the magnitude of the impedance charac- 
teristics of the capacitor C, the resistor R and 
the attenuation standard potent]al Eq supplied 
by the battery B romain constant, it can be read- 
fly seen that the rime tq is a function of the 
natural logarithm of the signal input voltage Ep. 
When a direct voltage is applied across the 
terminals ri and t2 by the closing of the switch 
Si fo the position shown, the capacitor C begins 
to charge through the resistor R. The flow of 
current through the resistor 1 results in a 
voltage drop Er initially suiIicient in magnitude 
and of such polarity as to oppose the voltage of 
the battery B so that the grid i of the tube V 
becomes positive with respect fo the cathode /. 
As long as the grid g is relatively positive, cur- 
rent fiows in the anode circuit to energize the 
coil of the relay $2 and thereby fo close its con- 
tacts. The closing of these contacts energizes 
the timing device Tr from the terminals a and c 
of a power supply (hot shown) so that the 
measurement of a time period is started. 
As shown by the diagram in Fig. 2, the voltage 
drop Er across the .resistor R attenuates untfl 
if reaches a point q where if is equal in magni- 
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rude and. opposie in. lOlarity to the v_oltage. 
of the batterF B. As. the gid g becomes nega, 
rive the tube V no longe conducta and the c 
uit of: the timer Tr is open.. FTom the above 
5 i can be seen tha the iength of this elapsed 
time is a function of the input signal voltage and 
as measured by. the rimer Tr provides a logarith- 
mic measure of the magnitude thereof. 
In Fig. 3 is shown another embodiment with 
 a more elaborate circuit whereby, if is possible to 
obtain a continuous logarithmic indication of 
the magnitude of a varying input signal, for ex- 
ample, such as a signal from a microphone 
cated in an acoustical test chamber. 
!5 The detailed wiring connections, of this em- 
bodiment are shown in the diagram in Fig. 4. 
The terminals t and t2 of the microphone: or 
other input signal source are connected by means 
of a coupling capacitor ci across a potentiometer 
i0 ri the adjustable tap oî which is joined to the 
the control grid g i of an amplifier such as the 
pentode wacuum tube 
The tube suppressor grid g and the cathode 
/c are linked together and grounded though the 
25 grid biasing resistor r2. The screen grid 
is connected to a grounded bypass capaoitor 
and to a direct power supply (described herein- 
after) by means of a series resistor r and the 
leads m and n. The power supply is simflarly 
3 connected by the leads m and n to the anode 
p through a series resistor r. The anode 
is also connected by a coupling capacitor c3 with 
the anode p'2 and the cathode /c22 of a double 
diode vacuum tube V2, which provides rectifiCà- 
3 tion oï the negative and positive portions of th.e 
amplified input signal. The remaining anode 
p22 and cathode /c2i are linked with hé anode 
p3 and the cathode/c32 of a second double diode 
vacuum tube V by the resistors r and r re5 
40 spectively. The bypass filter capacit0rs c and 
c are connected between the respective e_nds o 
the resistor r6 and ground. Each end of the 
resistor r is grounded analogously by the çapaci 
tors ,c and c6 respectively. The commonly 
45 nected cathode /c and the anodeP:! Of the 
tube V2 are linked to a point x by means 
resistor rB. The cathode/c2i also connects w-ith 
the point x through two series resistors r9 and 
rll. lesistors ri2 and ri3 conect he anode 
50 p22 fo the point  in similar manner. By choo 
ing the resistors rand r So that they bave 
the saine ohmage as the resistors r9 and rl'i 
respectively, the point  is maintained at. an 
55 average potential midway between the positive 
and negative potentials appearing at the input 
terminals of the resistors r and r6 respectivelY 
whenever an amplified input signal is rectified 
. by the diodes in tube V2. The mid-P0tential 
60 point oe is connected fo ground by a capa¢itor 
eS. 
The connecting of the large capacitor c in 
parallel with the load resistor r9 of the pos..itiwe 
diode rectifier of the tube V2 increases hc di 
65 rect voltage output of the rectifier and reduc¢ 
the ripple comportent in the rectifier output. 
the capacitor charges nearly to the peak voltage 
of the rectifier output. The capacitor e also 
70 makes the rectifier direct current output prepor- 
tional to the peak rather than the average va!ne 
of the A.-C. input signals. Further fllterug 
action is provided by the resistor r and the 
pacitor c6 so that a relatively constant dhect 
5 potential is impressed on the cathode /¢3: The 
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negative potential developed across the load 
sistor r!2 is increased and filtered in analogous 
manner by the capacitors c4 and c7 and the 
resistor r6 belote itis impressed on the anode ff3 l. 
To improve the rectifying and limiting per- 
formance at low signal levels of the double diode 
vacuum tubes V2 and V3 respectively, a small 
direct current is passed through these tubes in 
the absence of an input signal. This direct cur- 
rent is obtained îrom an adjustable tap t3 of a 
bleeder resistor br5 which is one of a plurality 
of such resistors including brU, r2, r3, r4 and 
br8 series-connected between a positive terminal 
y of the direct power supply and ground. The 
common junctions between resistors r2 and 
and between resistors br4 and br5 are also con- 
nected to ground through the resistors r6 and 
r7 respectively. 
As stated above r9 and ri2 are the load re- 
sistors for the double diode V2 across which 
are developed the positive and negative poten- 
tials respectively resulting from an input signal 
rom the amplifier Vi. The resistors fil and 
ri3 are of much smaller ohmage than the re- 
sistors r9 and ri2 and comprise the combina- 
tion across which the potential difference be- 
tween the tap t3 and ground appears so that 
a small adjustable direct current fiovs through 
all the diode elements continuously in two par- 
allel paths regardiess of whether or hot an input 
signal is present. The first path includes ri2-- 
p22--k22--p2 I--k2 i--rg-- fo ground. The sec- 
ond parallel path includes 
321k32--r7, r9 fo ground. 
The fiow of this small direct current insures 
that ai low input signal levels, the diodes are 
passing suflicient current so that their respective 
plate resistances do not reach the high values 
round in the very low current regions. A second 
advantage of avoiding the low current regions 
is the tendency under such operating conditions 
of a diode to act as a battery producing a direct 
output voltage in the absence of an alternating 
input voltage as a result of the finite emission 
velocity of the electrons and of contact different 
of potential between the respective plates and 
cathodes. 
The anode 32 and the cathode Si of the 
tube VS are linked with the control grid 4 of 
an amplifier tube V. These electrodes are also 
interconnected with point  through the resis- 
tors ri4 and rI$ The cathode  is grounded 
through a grid biasing resistor ri?. The anode 
p4 and the screen grid  are connected fo the 
lead  from the direct power supply by means 
of the series resistors r and ri9 respectively. 
The screen grid 4 is also connected fo ï'ound 
through a conventional bypass capacitor c9. 
It w fil be noted that the cathode resistor r l 
is not bypassed by a capacitor so that the alter- 
nating component of the anode current fiows 
through the resistor rl ? as well as the impedance 
of the anode circuit. This current produces a 
voltage drop across the resistor r i which is 
impressed upon the cathode k but not upon 
the grid i and is, therefore, a part of the 
effective signal impressed between the grid 
and the cathode 4. Such a signal is of the 
saine frequency but opposite in phase fo the 
square wave on the grid   so that it constitutes 
a current type of feedback which bas two results. 
First, the gain of the V@ amplifier stage is rela- 
tively independent of individual tube character- 
istics or variations in power supply voltage; and 
second, the output impedance of the tube V (the 
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effective anode resistance) is large as compared 
with the impedance of load resistor ri8 so that 
the following tC circuit [described in detail 
below] is driven effectively by a generator with 
5 an impedance approximately equal fo the resis- 
for ri8 and which is hot critically dependent 
upon the anode resistance of the tube V4. 
An energizing potential with a square wave 
shape obtained by clipper action from one of the 
10 anodes p$1 of a double triode vacuum tube V6 
is also impressed upon the grid g41 of the tube 
V4 by coupling the anode p61 to the common 
junction of the resistm's ri4 and ri 6 respectively 
by means of a capacitor ciO. The frequency of 
15 the wave is determined by a large sinusoidal 
voltage from one of the secondary windings TIs 
of a power supply transformer T I which is ap- 
plied between the grid g61 and the grounded 
cathode k61 by a]imiting resistor ri0. The direct 
20 current for the anode p61 is supplied from the 
direct power supply through a series resistor 
ri§ and the lead n. 
As described, heretofore, the grid g41 is con- 
nected to the cathode r31 and the anode p32 
25 of the double diode V3. These connections pre- 
vent the grid g41 from becoming more positive 
than the cathode k32 or more negative than the 
anode p31 because if either potential is exceeded 
the corresponding diode conducts which is the 
o equivatent of cormecting the grid gl fo either 
k32 or p31 (as the case may be) by means of 
a small resistor (the internal resistance of the 
respective diode). The potentials on the cathode 
2 and the anode p3 I, respectively, with refer- 
35 ence to the point x which is connected to g41 by 
the resistors ri4 and ri6 are determined by the 
magnitude of the rectified signals. 
As can be readily seen, the signal on the grid 
g41 consists of a square wave with a peak fo 
40 peak amplitude proportional fo the input signal 
amplitude and with a frequency of the poten- 
tial at the terminals a and c of the alternating 
power source. 
Transformer Ti also is used in the conven- 
45 tional man_ner as the voltage step-up device of 
the direct current power supply to which refer- 
ence has been made heretofore. The primary 
winding Tip is connected fo the terminals « 
and e of a single phase alternating power supply 
50 of the usual type (hot shown). The center tap 
of the secondary winding TIs is grounded and 
the end terminals are joined with the anodes 
a! and « respectively of a full wave rectifier 
tube V. The lead from the cathode J%7 branches 
55 to connect with both the grounded filter capacitor 
c/I and a tap on the winding of the hum-buck- 
ing ff/ter choke L. The end terminals of the 
choke winding are grounded through the ff/ter 
capacitors c/2 and c]3 respectively. The lead n 
6O supplying power fo the respective tube anodes 
and the first bleeder resistor brl are connected 
fo the common junction y of the winding of the 
choke L and the ff/ter capacitor c3. 
The anode circuit of the tube V4 connects with 
;5 one plate of a capacitor C of an attenuation net- 
work which also încludes the series connected 
resistors RI and R2. Resistor R2 is made ad- 
justable to obtain a means of calibratîng the 
7O scale factor of an output meter M. The connec- 
tion between one end of the resistor RI and the 
capacitor C is completed when a switch $3 is 
thrown t the position shown. The lower ter- 
minal of the resistor R2 is connected to ground 
75 through a capacitor ci I and to the common junc- 
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tion of the bleeder resistors brai, Dr5 and br7 to 
provide a positive reference voltage of constant 
magnitude as a comparative attenuation-stand- 
ard. 
The caPacitor ci! provides a low impedance 
path to ground for alternating currents in the 
attenuation network so that surges in the bleeder 
circuit resulting from the passage of pulses of 
direct current through the meter M (as will be 
described in detail hereinafter) do not produce 
appreciable voltage changes in the attenuation 
network. Conversely, voltage changes in the at- 
tenuation network do not produce appreciable 
alternating voltages in the bleeder circuit sothat 
neither the meter circuit nor the rectifier circuits 
which are connected through the tap t3 are af- 
fected. 
The resistors R ll and RI2 and the caPacitor 
ci2 are also connected in series between 'the 
switch $3 and ground so that the throwing of 
the switch changes the scale factor of the instru- 
ment. A reference voltage is obtained in 
analogous mariner by joining the common ter- 
minal of the resistor RI2 and the capacitor ri 
to the common terminal of the bleeder resistors 
br3 and Dr4. It will be noted Ehat with the-switeh 
S$ in either position the effective resistance-of 
the attenuation network in series with the ca- 
pacitor C also includes the generator impedance 
of the vacuum tube V4. 
The capacitor C is also coupled by a resistor 
r30 with one grid gl of a double triode V. The 
corresponding cathode kl is grounded, bias for 
the grid g being supplied from the blecder-cir-- 
cuit through resistors RI and P2 (or R/I and 
RI 2 as described heretofore). The anode p 
is coupled directly fo the second grid 2-so that 
the double triode acts as a two .stage amplifier. 
The cathode k is ]oined directly .to .the coin- 
mon ]unction of the bleeder resistOrs br2 and 
D3. The anode p2 is connected fo the cathode 
k62 of the second double triode in the vacuum 
tube V6. The direct power supply is connected 
fo both anodes 51 and 2 of.the tube V .by the 
lead  and the series resistors 21 and r22 re- 
spectively. 
The grid g2 and the anode 2 are linked so 
that the second triode enclosed in the envelopo 
of tube V6 acts as a diode. These electrodes are 
also connected to the negative terminal of the 
mLlliammeter M by means of the series resistors 
r23, r24 and r26. The positive meter terminal 
is connected fo the common .jonction .of the 
bleeder resistors bl and Dr2. A capacitor 
connected between the -positive meter terminal 
and the Junction of the resistors 24 and 
shunts the alternating current components 
around the meter M and also prevents raPid 
changes of meter indication. A glow tube N is 
connected-between the positive meter terminal 
and the anode .2 fo maintain a constant voltage 
across the meter M und the series resistors 
r2g and r2. -esistor 2 is made ad]ustable and 
determines the current sensitivity of .the meter 
circuit. 
Whenever a signal impressed across the ter-' 
minals t and t2 resuits in a potential upon the 
grid gSI which is negative with respect to the 
ground potential and greater in magnitude than 
the positive voltage +Eq (equal to the voltage 
drop in the bleeder resistor D7) biasing the grid 
g5 I, thereby making the grid relatively more neg- 
ative, the current flowing through the anode 
circuit of the flrst triode of tube V5 and hence 
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through the resistor r21 is reduced. The reduc- 
tion in the voltage drop across the resistor r21 
causes the directly coupled grid g2 of the second 
V triode to become relatively more positive with 
5 espect to the cathode k2, which is at the posi- 
tive potential above ground equal to the voltage 
drop in the bleeder resistor brU, whereupon the 
accompanying increase in current-flow .in the 
anode circuit of the second triode resuits in an 
10 increase in the voltage drop in the resistor 
The cathode k2 in tube V being connected to 
the resistor r22 becomes negative with.respect t6 
the anode p2 so that diode-connected triode in 
tube V .conducts and a current flows (in the 
15 conventional sense) from the point y of the.power 
supply through the bleeder resistor br], the meter 
oe, the series resistors r2, r24 and r25, the anode 
p2, the cathode k2, the anode p2, the .cathode 
k2 and the resistor br to ground. 
20 With no input signal at the terminals l and 
t2, the positive potential ÷E« is impressed be- 
tween the grid gl and the cathode kl of the 
tube V. The voltage drop in the resiStor r21 
sulting from current flow through the-flrst tri- 
25 ode impresses a potential on the grid 752 'suffi- 
ciently negative with respect fo the cäthode 
(which is-at the positive potential of the bleeder 
resistor brU) .to prevent the second tiode from 
conducting. Vhen the second triode is hot :con- 
30 ducting its anode p2 and the cathode.k2 of the 
second triode in the tube V are at the Positive 
potential of the power supply terminal. "y and 
hence at a greater potential by the amount of 
voltage drop in resistor brl than the anode 
35 so that no currentflows through the Second triode 
of the tube V and the meter M. 
The negative terminal of the meter M is also 
connected to the movable contact of a single pole 
double throw sWitch $4 through a reSistor 
40 Each of the two stationary contacts of the.sWitc 
$4 is joined fo the adjustable taps of the respec- 
tive potentiometers r28 and r29, the windings of 
which are connected in parallel with the bleeder 
resistor Drl. The switch $4 is-mechanically 
45 linked with the switch $3 so that both switches 
are operated conjointly when .a change of scale 
factor is required. 
With the switch $4 in the position shown cur- 
rent from the power supply point y flowing 
50 through the potentiometer r28 establishes a-po- 
tential difference across the meter M and ïts 
ries resistor «2]. When in the absence of an ïn- 
put signal (as described above) no current is 
rected through the meter M by the tube V, the 
55 voltage drop in the potentiometer 28 circulates a 
reverse direct current through the meter M and 
the series resistor r27. When the switeh $4 thrown in the opposite position fo that shown, 
the potentiometer r29 circulates a reverse cur- 
6O rent through the meter circuit in an analogous 
manner. In either case the current is in such a 
direction as to more the meter indicator off scale 
whereby in the absence of an input signal .the 
65 sponse of the instrument is unambiguoùs: The 
amount of reverse meter current is controlled .by 
the adjustable taps of the potentiometers r28 and 
r29. 
The following table lists the characteristics .of 
70 the circuit elements of an instrument which has 
a response of 20 decibels with the resistors 
and R2 in series with the capacitor C of the t- 
tenuation circuit. This instrument has a 
decibel response with the resistors Rl l -and 
ï connected in series with capacitor C. 
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Characteristic o] circuit elemens--logarihmic 
response sysreïn (Fig. 4) 

Resistors: Resistors: 
r [--1.0NI brS--400 w. 
r2--1K R[--20K 
r3--.5NI R2--15K 
r4--56K R [ [--30K 
r6--56K ll 2--20K 
r]--56K Capacitors: 
rS--220K C--.05 
rS---56K c[--.04 
ri --400 w. c3--1.0 
ri 2--56K c.5 ïd. 
r[300 w. c0.5 
rl4--1.SM c6--0.5 
ri$--56K c--0.5 
ri 6--56K c80 
rl]--670 w. cS--15 
ri 9--33K ci [--10 
r21--500K c[21 ïd. 
r22--500K ci 3--25 fd. 
r2--15K . cil--10 ïd. 
r24--20K c]2--1 fd. 
" r22K c25 fd. 
r]--100K Vacum tubes: 
r100K VI6SJ7 
r100K V26H6 
rl.5 V6H6 
brI500 w. V46V6 
br27.5K V6SL7 
brS--TK VSN7 
br--1000 w. V]SV4 
brU--400 w. Gas tubes: 
br--TK N4 watt neon bulb 
brT--5K 

Power transformer T I--Thordarson TTOR61. 
Filter choke L--Therm.ador Co. D2A. 
Meter M--1 milliamçere D.-C. meter. 
Opvraion o] Che embodment in Fig. 
Operation of the above embodiment of the in- 
vention can best be understood by referring to 
the block diagram (Fig. 3) and the voltage rime 
curves of the input and output of the attenuation 
network shown in Fig. 5i As discribed in detail 
heretofore, the input signal applied between the 
terminals ri and $ by a microphone or other 
put signal source is amplifled and rectflïed by the 
tubes Vl and V2 respectively whereupon it ap- 
pears as positive and negative potentials balance 
with respect fo .the point x (Fig. 4) on the cath- 
ode k32 and the anode p respectively of the 
tube.V . 
. The voltage Ep (top curve Fig. 5) impressed 
upon the attenuation network is obtained from 
the square wave output voltage frein the genera- 
tor tube V6, the amplitude of which is propor- 
tional to the magnitude of the input signal soin'ce 
because of the limiting action of the tube V3, as 
described heretofore. The output voltage of the 
attenuation network, as impressed upon the grid 
g61, is shown in the center curve of Fig. 5 as Er. 
The peak of this voltage is Ep (1÷) where 
$=tanh (T/4.C), T being the period of the 
square wave and R and C the total ohmic re- 
sistive impedance and the capacitance of the 
attenuation network. The increment Ep is 
added to the input voltage Ep because the capac- 
itor C charges almost completely during each 
hall cycle of the square wave. During the nega- 
tire portion of the cycle when Er is greater in 
magnitude than Eq (the positive voltage bias sup- 
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plied by the bleeder resistor brU), a negative 
tential is impressed upon the grid g5 ! of the tube 
V thereby resulting in a carrent flow through 
the meter M. After the output voltage Er bas 
5 attenuated beyond the point q, Er is lesser in 
magnitude than Eq so that the grid gl becomes 
positive, thereby blocking the second triode in the 
tube V and the carrent flow through the meter 
M in the mariner described in detail heretefore. 
]0 The above action is ilearly shown in Fig. 5. As 
each successive negative voltage square wave 
peak is applied fo the attenuation network, its 
amplitude is attenuated according to the expres- 
sion: 
]5 E=(I÷) Ep exp (--/RC) 
During the portion of the attenuation when the 
grid gS! is negative, a pulse of carrent flows 
through the second triode Of tube V6 and through 
2O the meter M. After the negative voltage has at- 
tenuated to the point q where if is equal in mag- 
nitude to the positive bias voltage Eq, further 
attenuation causes the grid gSI fo come under 
the influence of the dominating positive voltage 
25 Eq, thereby stopping the current flow through 
the meter NI. The elapsed rime q for the at- 
tenuation is expressed: 
tq=C [ lnEp (1 ÷) -- lnEq] 
0 R, C and Eq are constants and  is constant for 
any given ïrequency so that: 
q=constant XlnEp 
i. e., the elapsed rime is proportional to the nat- 
35 ural logarithm of amplitude of the input signal. 
This relationship holds as long as the amplitude 
of Ep is small enough so that Sq is less than one- 
hall of the period T of the square wave. 
The meter M acts as a timing deviie meas- 
40 uring the average energy level in the successive 
carrent pulses. As the voltage is maintained 
constant by the glow tube N, 0nly a measure- 
ment of carrent is necessary to obtain an energy 
indication so that a millimeter can be used. The 
45 voltage limiting action of the glow tube N main- 
tains a constant carrent flow during each pulse 
so that the indication of the meter is propor- 
tional fo the rime duration of the pulses and is, 
therefore, proportional to the natural logarithm 
5O of amplitude of the input signal. The movement 
of the meter pointer during the intervals between 
pulses is eliminated by the electrical damping 
provided by the capacitor cl. If will of course 
be understood that other integrating electrical 
55 instruments, ïor example a watt hour meter, a 
volt-meter measuring the voltage across a capaci- 
tor charged by the pulses, or a cathode-ray oscil- 
lograph, may be used fo replace the meter M 
as a timing device. 
0 In Figs. 6 and 7 is shown a third embodiment 
of the invention whereby a continuous varying 
input signal is employed fo produce a varying 
direct voltage which serves as a standard of 
attenuatior A square wave having fixed fre- 
65 quency and amplitude is then attenuated by a 
network having a logarithmic voltage-rime char- 
acteristic to obtain a logarithmic response. 
The input signal is impressed upon the termi- 
nals $! and t2 (Figs. 6 and 7) which are coupled 
79 fo the respective ends of a potentiometer ri by 
means of a coupling capacitor ci. The adjust- 
able tap of the potentiometer r! is linked with 
the grid gl of an amplifying vacuum tube V. 
The grid bias is supplied by connecting the tube 
ï5 cathode kl to ground through a biasing resistor 
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z2. A coupling capacitor c2 links the circuit of 
the .tube anode.l with the anode ,p21 and the 
cathode/c22 of the double diode rectifier vacuum 
tube ¥2. The anode p22 and the cathode k21. of 
tube ¥§ are joined to the ungrounded and 
grounded input termhuals, respectively, of a load 
resistor ri2. The direct potential rdeveloped across 
the resistor ri2 .is applied to a ripple filter com- 
prising a resistor r8 connected in series between 
the anode p22 .and the input terminal of a re- 
sistor R of an attenuation network« The fflter 
capacitors c4 and c7 are connected between the 
terminals of the resistor r6 and ground in parallel 
with the load resistor 
The lead from the other terminal oî the resis= 
for 1 branches to connect with thegrid gSI of a 
double triode tube V§ through a resistor r30 and 
with the capacitor C which is the other element 
of the attenuation network. The capacitor C 
is also connected with the anode pl of a double 
triode tube V8 so that a square wave is impressed 
upon the attenuation network when the grid 
is excited by the sine wave from-the trausformer 
secondary TIs. 
The amplitude of the square wave is main- 
tained constant by the limiting action of the 
double diode tube V3, the anode p3 and cathode 
7¢32 of which are joined with the anode p of 
the square wave generator tube V. The anode 
p3.2 .and the cathode k3 are connected to the 
respective terminals of a bleeder resistor 
which is connected in series with the bleeder 
resistors r72 and r3 between the B÷ terminal 
of the direct power supply and ground. It can 
be seen that t,he positive aud negative peaks .f 
the quare wave are limited to the level of the 
potentials maintained at the cathode k3 and 
the anode p3ç by the voltage ch«op in the b!eeder 
resistors r and r, as whenever either the 
positive or negative potential level is exceeded 
the corresponding diode conducts to complote a 
relatively low resistance path to gromnd. 
With the exception that the anode p of the 
tube V is connected fo the anode p rather 
than directly to the direct power supply by means 
Of the resistor 2 I, the tubes V and V6, ihe meter 
1V and the associated circuits are connected 
and operate .in analogous manner to the corre- 
sponin elements of the preceding embodiment 
which bave been descried in detail heretofore. 
By the abovementioned change in anode power 
supply, during the neative halî of each square 
wave on the grid .q, the tube V5 is prevented 
from energizing the meter IOE-in the manner 
described heret0fore because such negative po- 
tentiat is also impressed upon the anode ilS! and 
the second grid 52. With a negative po£entia! 
on the grid 52, the second triode .in tube V does 
hOt conduct and no cu'r.ent flows through the 
.rneter 1V to give a false indication. 
Operaion o/he mbogimen in Fig. 7 
 Operation of the above-described circuits can 
best be understood by reference to the block d- 
agram (ig. 6). A square wave potential rom 
the square wave .generator tube V. and .main- 
tained at constant amplitude by the limiter tube 
V, is impressed continuously upon the capacitor 
C of the attenuation network. The si¢ual from 
the input signal source is flnpressed upon the 
grid g[ f the ampliIying tube V! o£ t!e tenni- 
nals î! and 2. The outpu oï tube Vl ls rec- 
tifled by the double dtodes h he tube V, passe 
through the ripple file, er, an_ ls thereupon im- 
pressed in the grid g !. 

As described in connection with "the operátion 
of the .embodiment shown in Fig.-4, the capaci- 
tor .C of the attenuation networkdoes hot .dis- 
charge .complet.« during the period T' (Fg. 
5 between successive waves so that the voltage im- 
pressed upon the network by/each successive 
cycle is E:.(I÷). Ps discussed in detail here- 
tofore, the attenuation rime may be expressed 
tq=EC[.lnE'p(l÷)--lnE'q], wherein the term 
lO inE'q bas a neg'ative algebraicsign. By:measur- 
ing the rime interval  (Fig. 8), this nCative 
quantitly is eliminated as: 
.«q=T/2--EC[1-nEp(I ÷) 
15 where T is. the period of the square wave, and 
R andCare the values oï the effectiveresistance 
and capacitance, respectively, of theattenuation 
network which are constant so that: 
$' q=constant÷ EClnE' q 
2O 
i. e., -'q is proPortional to the natural qogarithm 
of the input signal amplitude. 
As is clearly indicated in Fig. 8, at the start 
er each positive cycle of the squarewave, a posi- 
25 tire potential E'p(L-) is impressed upón the 
g'id.y so that no current flows through the 
meter lYS, because of the blocking action of the 
tube VS, as was described in .detail with respect 
to the flrst embodiment. As the capacitor C 
30 charges the cure'ont flowing in the attenuation 
network, and, thereore, the voltage drop acröss 
the .resistor R decreases until it is equl in mag- 
nitude and opposite in p01arity :to the .rectifled 
signal Eq as at points q', q", and q'". The 
5 grid theu becomes negative thereby causing 
the second triode in the tube V6 to conduct. 
This conduction takes place for .a time-'q, i. :e.; 
until the beginning of the next :negative cycle 
of .the square wave impresses .a negative poten- 
40 tial upon theanode p2 s.described above. 
The successive surges of current through the 
meter .M are-integrated and avexaged £hereby, 
in the saine mamuer as described in detail here- 
tofore, so that the resultingmeter indication 
¢5 a logarithmic measure of the magnitude of the 
fluput signal. 
I claire: 
1. An electrical system with an output signal 
varying logarithmically v_th-respect to an ïnput 
50 signal comprishug an attenuation network hav- 
ing a logarithmic voltage time characteristic, a 
source of potential-with a magnitude.proportional 
to said input signl, a source .of constant peak 
potential, comuections for energizing said net- 
55 work from one of said sources and ïor dflectly_ap- 
plying the other of said sources fo the network 
as a comparative atenuation stand-ard, :arïd :a 
timing device including an integrating dnstu- 
ment for measuring electrical energy and an 
0 plifler for comuecting the instrument to the .out- 
put .of the network, .said amplifier being biased 
to conduct only durug the respective rime inter- 
vals required-for attenuation between the limits 
of a potential equal in magnitude and opposite 
5 in polarity to -the potential of said ,comparative 
standard aud a p-otential with a magnitude de- 
termhued by the magnitude of the :potential of 
the energizing source whereby the instrument in- 
dicaton is proportional to the current pulses 
7 applied thereto, thereby to express .a logarithmic 
correlation of the amplitudes of the-input .and. 
output signals. 
2. An electrical systeln.with an output signal 
varying logarithmica!ly with .respect .to .the .in- 
75 put .signal comurising an attenuation network 
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having a logarithmic voltage rime characteristic, 
a source of constant peak potential, a source of 
potential with a magnitude proportional te said 
input signal, connections for energizing said net- 
work from the source of constant peak poten- 
tial and for applying the input signal source 
thereto as a comparative attenuation standard, 
and a timing device including an integrating in- 
strument for measurlng electrical energy and an 
amplifier for cormecting the instrument te the 
output of the network, said amplifier being biased 
te conduct only during the respective rime in- 
tervals required for attenuation between a poten- 
tial equal in magnitude and opposite in polarity 
te the potential oî said comparative standard 
and a potential with a magnitude determined by 
the magnitude of the peak potential and the rate 
of attenuation of said network whereby the in- 
strument indication fs proportional te the cur- 
rent pulses applied thereto, thereby te express 
a logarithmic correlation of the amplitudes of 
the input and output signais. 
3. An electrical system with an output signal 
varying logarithmically with respect te an in- 
put signal comprising an attenuation network 
having a logarithmic voltage rime characteristic, 
a constant peak potential source used as a com- 
parative attenuation standard, a potential source 
proportional in magnitude te said input signal, 
connections for energizing said network from the 
source proportional te said input signal and ïor 
directly applying the constant peak potential 
source thereto, and a timing device including an 
integrating instrument for measuring electrical 
energy and an amplifier for connecting the in- 
strument te the output of the network, sald am- 
plifier being biased te conduct only during the 
respective rime intervals from the energization of 
sald network by the source proportional te the 
input signal until the attenuation reaches a po- 
tential equal in magnitude and opposite in polar- 
ity te the potential of the comparative standard 
whereby the instrument indication is proportional 
te the current pulses applied thereto, thereby te 
express a logarithmic correlation of the înput 
and output signa]s. 
4. An electrical system with an output signal 
varying logarithmically with respect te an input 
signal comprising an attenuation network with 
a reactive impedance and a resistor connected 
in series therewith, a source of potential with a 
magnitude proportional te said input signal, a 
source of constant peak potential, connections in- 
cluding said resistor for energizing said imped- 
ance from one of said sources and for applying te 
the network the other oï said sources as a com- 
parative attenuation standard, and a timing de- 
vice including an integrating instrument for 
measuring electrical energy and an amplifier for 
connecting the instrument te the output of the 
network, said amplifier being biased te conduct 
only during the respective time intervals required 
for attenuation between the limits of a poten- 
tial equal in magnitude and opposite in polarity 
te the potential of said comparative standard and 
a potential with a magnitude determined by the 
magnitude of the potential of the energizing 
source, whereby the instrument indication is 
proportional te the current pulses applied there- 
te, thereby te express a logarithmic correlation 
of the amplitudes of the input and output signais. 
5. An electrical system with an output signal 
val:¢ing logarithmically with respect te the input 
signal comprislng an attenuation network with a 
reactive tmpedance and a resistor corn]ected, in 
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series therewith, a source of constant peak poten- 
tial, a source of potential proportional in magnï- 
rude te said input signal, connections including 
said resistor for energizing said impedance froIl 
5 the source of constant peak potential and apply- 
ing the potential source proportional te the input 
signal te the network as a comparative attenua- 
tion standard, and a timing device including an 
integrating instrument ïor measuring electrical 
10 energy and an amplifier for connecting the 
strument te the output oï the network, said am- 
plifier being biased te conduct only during the re- 
spective rime intervais required for attenuation 
between a potential equal in magrfitude and op- 
]5 posite in poarity te the potential of the compara- 
tive standard and a potential with a magnitude 
determined by the magnitude of the peak poten- 
tial and the rate of attenuation oï said network 
whereby the instrument indication is proportion- 
20 al te t.he current pulses applied thereto, thereby 
te express a logarithmic correlation of the am- 
plitudes oï the input and output signals. 
6. An electrical system with an output signal 
varying logarithmically with respect te an înput 
25 signal comprising an attenuation network with a 
reactive impedance and a resistor connected in 
series, a source of potential proportional in mag- 
nitude te said input signal, a constant peak po- 
tential source used as a comparative attenuation 
0 standard, connections including sald resistor for 
energizing sald impedance frein said source pro- 
portional te said input signal and for applying 
constant peak potential source te the network, 
and a timing devic.e including an integrating in- 
35 strument for measuring electrical energy and an 
amplifier for connecting the instrument te the 
output of the i]etwork, said amplifier being biased 
te conduct only during the respective rime inter- 
vals frein the energization of said network by the 
40 source proportional te said input signal m]til the 
attenuation reaches a potential equal in magni- 
rude and opposite in polarity te the potential of 
the comparative standard whereby the instru- 
ment indication is proportional te th.e current 
pulses applied thereto therebv tn r o 
logal'ithmic correlation of the amplitudes of the 
input and output signals. 
. An electrical system with an output signal 
varying logarithmically with respect te an input 
50 signal comprising an attenuation network havh]g 
a logarithmic voltage time characteristic, a square 
wave generator supplying a constant peak poten- 
tial, a source of potential with a magnitude pro- 
portional te said input signal used as a compara- 
55 tire attenuation standard, connections for enm'- 
gizing said network frein said square wave gen- 
erator and for applying te the network the source 
proportional te the input signal, and a timing 
device including an integrating instrument for 
60 measuring electrical energy and an amplifier for 
connecting the instrument te the output of the 
network, said amplifier being .biased te conduct 
only during the respective rime intervals starting 
from the rime the potential of the attenuation 
65 network is equal in magnitude and opposite in 
polarity te the potential of said comparative 
standard and terminating at the start of the 
next half-wave cycle whereby the instrument in- 
dication is proportional te the current pulses 
70 plied thereto, thereby te .express a logarithmic 
correlation of the amplitudes oï the input and out- 
put signais. 
8. An electrical system with an output signal 
varying logarithmically with respect te an input 
75 signal comprising an attenuation network having 
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a loga!thmic voltage tme çharacteristic, an input 
signal source, a generator supp!ying squaçe wave 
potential with mn mmplitude prop0rtionml fo e 
mmgtude of smid input sigl soce, m rect 
potentiml source for use ms m compmraGve mttenu- 
mGon stmndmrd, coections for energizing said 
network ïrom sid generator rond ïor mpplying the 
 rect potenti«! thereto, rond m ting de.ce in- 
clung an integrmtin insument ïor memsuring 
electricml enery nd mn plier for coecGng 
the instment fo the output of the network, 
smid mmplier beng bimsed fo conduct only dur- 
ng the respective te intemls ïrom the ener- 
gizmtion of smid network By smid generat0r til 
the mttenumtion remches m potentiml equml  mm- 
nitude rond opposite in polmrity fo the potentiml 
of the compmrative stmndmrd wher6by e instru- 
ment indicmtion is proportionml fo the cent 
pses mpplied thereto, thereby fo express 
logmrithmic correlmtion oï the mmplitudes oï the 
input rond output snmls. 
9. An electrcml system with mn o,utput signml 
vmryin logarithmicmlly with respect fo mn input 
signal comprish%g mn mttenumtion network hmving 
m logmrithmic voltage rime chmrmctestc, 
source of potentiml with m mmgude proportionml 
t0 smid input signl, m soce çf constmnt peak 
Rotentiml, connections ïor energzg smid net- 
work from one of smid sces rond ïor mpplng 
thereto the 0ther of sid sources ms m compmrative 
mttenumtion stmndmrd, rond m timing device includ- 
 m vmcu tube mmpler hmving m gd rond 
cmthode connected fo the outPut ternmls of smid 
network rond mn mnode, 
meter connected  seres wth smd mnode, smid 
vmcuum tube bein bimsed s0 thmt current 0ws 
through the meter ony during the te intervmls 
required for mttenumton etween the Hmits oî 
m p0tenMml equml in mmgnitude rond opposite in 
polmrity fo the potentil of smid comRmrative 
stmndard rond m tenGml wth m mmgnitude deter- 
ned by the mmgnitude of the potentiml of the 
energizing source whereby the meter indicmtion 
is proportionml fo the dmtion oï the current 
pses mRplied thereto, thereby  express m logm- 
rithmic correlmtion of the mmplitudes of the nput 
rond output signais. 
10. An eectricml system with mn output signml 
varying lomrithmicmlly with respect fo the input 
sinzl comDrisn an attenumton network hmn 
m logmritlmic voltme time chmractestic, m source 
of squmre wmve potentiml, mn nput signml source 
used ms m compmrative mttenumtion standmrd, con- 
necto ïor energzing smid network ïom the 
source oï squmre wmve potentiml rond ïor applying 
the input signml source thereto, rond m timin 
deice inclung m vmcuum tube mmpler hmving 
m grid rond m cathode connected  th e output 
ternmls of smid network rond mn mnode, m cur- 
rent Hter rond m meter connected in series with 
smid mn0de, smid vmcu tube Bein$ bimsed so thmt 
current ows through sid meter o ding 
the successive intervm!s SSmrMng om the rime 
the potentiel o the at$enuation network is equal 
in magnitude and opposite in polarity t0 the P0- 
tental of said cornparaGve sandard and termi- 
nating at the start of the next halï-wave cycle, 
whereby the meter indcati0n is pro9orGonal fo 
the duration of the cum'Çnt pses applied ere. 
fo, ereby fo exp,ess a logarith[nic corzeiation 
of the amplitude of the input and 0utput signals. 
ll. u electçical systm with an output signal 
vaçyg logarithmically with respect to an input 
signal comprisg an attenuation ntwork av 
a loarithc voltage rime characçeistic, 

18 
put signal source, a generator of squarewaves 
having an amplitude proportional to said input 
signal amplitude, a direct potential source used 
as a comparative àttenuation standard, connec- 
5 tions for energizing said network from said gen- 
erato.r and for applying the direct potential source 
thereto, and a timing device including a vacuum 
tube amplifier having a grid and a cathode con- 
nected fo the output terminals of said network 
lO and an anode, a current limiter and a meter 
connected in series with said anode, said vacuum 
tube being .biased so that current fiows through 
said meter only during the rime intervals from 
the energization of said network by each of the 
lê successive waves from said generator until the 
wave potential attenuates to a potential equal in 
magnitude and opposite in polarity fo the direct 
potental source whereby the meter indication is 
proportional fo the duration of the current pulses 
2o applied thereto, therby fo express a logarithmic 
correlation of the amplitude of input and output 
signals. 
12. An electrical system with an output sig- 
nal vaïyin ]ogarithmically with respect fo an 
25 input signal comprising an attenuation network 
having a logarithmic voltage rime characteristic, 
a square wave generator with an outPut terminal 
connected fo the input terminal of said network, 
two rectifying e]ements connected with said inpu 
3o signal source, one of said elements rectifyng th 
positive portion of said signal, the other element 
rectifying the negative portion of said signal, a 
unidirectional element cennecting the respective 
rectifying elements in the opposite sense with t.he 
3 output terminal of said generator so that the 
amplitude of the square wave potentia! impressed 
upon the network is proportional fo said input 
signal, a constant direct potential connected fo 
said network as a comparative attenuation stand- 
4o ard, and a timing device including an integ'atng 
instrument for measuring electrical energy and 
an amplifier for connecting the instrument fo the 
output of the network, said amplifier being biased 
fo conduct only during each of the successive rime 
intervals from the energization of said network 
45 by said generator until the attenuation reaches a 
potential equal in magnitude and opposite in po- 
larity to the potential of the comparative stand 
ard whereby the instrument indication is propor- 
50 tional fo the current pulses applied thereto, 
thereby fo express a !0gaïithmic coïrelation of the 
amplitudos of the input and output signals. 
13. An electrical system with an output signal 
varying logarithmically with respect fo an input 
5.5 signal comprising an attenuation network having 
a logaïithmic voltage rime characteristic, a square 
wave geneïator with an output terminal con- 
nected to the input terminal of sad network, two 
rectifying element connected with the input sig- 
6o nal source, one of said elements rectifying the 
positive portion of said signal, the other eleïnent 
rectifying the negative portion of said signal, two 
unidirectional .element each connected in the op- 
posite sense with the output ermina! of said 
65 generator,  ripple filter coupling each of the 
unidirectional elments each connected in the op- 
tifying element so that the amplitude of 
square wave potential impressed uP0n thç woïk is proportional to said input signal, a con 
7o stant direct potential connected to said network 
as a conparative attenuation standard, and a 
timing device iocluding an integrating instu 
ment for measuring electrical energy and an am- 
plifier for connecting the instrumen t0 te output 
7 of the network, said amplifier being biased to 
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conduct only during each of the successive tiïne 
intervals from the energization of said network 
by said generator until the at.enuation reaches a 
potential equal in magnitude and opposite in po- 
larity te the potential of the comparative stand- 
ard whereby the instrument indication is .propoï- 
tional to the current pulses applied thereto, 
thereby to express a logarithmic correlation of the 
amplitudes of the input and output signals. 
14. An electricaI system dth an output signal 
varying logarithmically with respect to an input 
signal comprising an attenuation netwm'k having 
a logarithmic voltage rime characteristic, a square 
wave generator with an output terminal connect- 
ed fo the input terminal of said network, a rec- 
tifying diode for the positive portion of said 
put signal having an anode linked with said sig- 
nal source and a cathode, a limiter diode having 
a cathode coupled to the rectifying diode-cathode 
and an anode connected with the output termi- 
nal of said generator, a second rectifying diode 
fro" the negative portion of said input signal hav- 
ing a cathode linked with said signal source and 
an anode, a second limiter diode having an anode 
coupled to the second rectifying diode anode and 
a cathode connected with the output terminal of 
said generator, a direct power source connectI 
fo continuously circulate the small current 
through said diodes fo increase the sensitivity and 
linearity thereof af low input signal levels, so that 
the amplitude of the square wave potential im- 
pressed upon said network is proportional te said 
input signal, a resistor connecting said source te 
said network to supply a positive potential as a 
comparative atnuation standard and a tiïning. 
device including an integrating instrument or 
measuring electrical energy and an amplifier for 
connecting the instrument to the output of the 
network, said amplifier being biased to conduct 
only during each of the successive rime intervals 
from the energization of said network by said 
generater until the attenuation reaches a poten- 
tial equal in magnitude and opposite in polarity 
to the potential of the comparative standard 
whereby the instrument indication is proportionaI 
te the current pulses applied thereto, thereby to 
express a logarithmic correlation of the ampli- 
rudes of the input and output signals. 
15. An electrical system with an output signal 
varying logarithmically vith respect to an input 
signal comprising an attenuation network having 
a logarithmic voltage rime characteristic, an input 
signal source, a source of square wave potential, 
connections for energizing said network from one 
of said sources and for applying thereto the other 
of said sources as a comparative attenuation 
standard, and a timing device including a vacuum 
tube amplifier having a grid and cathode connect- 
ed fo the output terminals of said network and an 
anode, a current limiter and a meter connected in 
series with said anode said vacuum tube being 
biased so that the current fiows in the anode cir- 
cuit only during the rime interval required for 
attenuation ,between the limits o a potential 
equal in magnitude and opposite in polarity fo 
the potential of said comparative standard and a 
potential with a magnitude determined by the 
amplitude of the square wave source potential, 
and a direct power source connected with said 
meter whereby a current is directed through the 
meter in a reverse direction when no current fiows 
in the anode circuit whereby the meter indica- 
tion is proportional to the duration of current 
puises applied thereto, thereby fo express a loga- 

rithmic correlation of the amplitudes of the input 
and output signals. 
16. An electrical system with an output signal 
varying logarithmically with respect to an input 
5 signal comprising an attenuation network having 
a capacitoï and a resistor connected in series 
therewith, an input signal source linked with the 
input terminals of said network, a constant direct 
negative potential source nsed as a comparativo 
10 attenuation standard, a vacuum tube amplifier 
having a grid and cathode coupled by said attenu 
ation standard with the output teïminals of said 
nework and an anode, and an integrating in- 
strument for measuring electrical energy con- 
15 nected in the circuit of said anode, said grid 
being biased so that the vacuum tube conducts 
only duïing the time interval from the energiza- 
tion of said network by said signal source untfl 
the attenuation reaches a potential equal in mag- 
20 nitude and opposite in polaïity to that of said 
.comparative standard whereby the instrument in- 
dication is proportional te the current pulses 
plied therete, thereby to express a logarithmic 
correlation of the amplitde of the input and out- 
25 put signals. 
17. An electrical system with an output signal 
varying logarithmically with respect to an input 
signal comprising an input signal source, an 
tenuation network including a reactive impedance 
30 and resistor series connected therewith, a square 
wave generator with an output terminal connect- 
ed to the input terminal of said network, two 
rectifying elements connected with said input 
signal source one of said elements rectifying the 
35 positive portion of said signal, the other element 
rectifying the negative portion of said signal, 
two unidirectional elements each connected in the 
opposite sense with the output terminal of said 
generator, a ripple filter coupling each of the 
40 directional elements with the respective rectifying 
elements so that the amplitude of the square 
wave impressed upon said network is proportional 
to said input signal, a constant positive potential 
source connected fo said network as a comparative 
attenuation standard and a timing device includ- 
45 ing a vacuum tube amplifier having a grid and a 
cathode connected te the output terminals of said 
network and an anode, a unidirectional current 
limiter and a meter connected in series with said 
anode, said vacuum tube amplifier being biased 
50 so that current fiows in the anode circuit only 
during each of the successive rime intm/als from 
the energization of said network by the genera- 
ter until the potential reaches a potential equal 
magnitude and opposite in polarity to the poten- 
55 tial of the comparative attenuation standard 
whereby the meter indication s proportional te 
the duration of the current pulses supplied there- 
to, thereby fo express a logarithmic correlation of 
the amplitude of the input and output signais. 
60 18. An electrical system with an output signal 
varying logarithmically with respect fo an input 
signal comprising an input signal source, an 
tenuation network including a reactive imped- 
ance and a resister connected in series therewith, 
ô5 a full wave rectifier connected with said input 
signal source, a ripple filter coupling the recti- 
fier with the input terminal of said network 
whereby a negative potential proportional te the 
0 amplitude of the input signal is impressed upon 
the network as a comparative attenuation stand- 
ard, a square wave generater having an output 
terminal connected te the input terminal of said 
network, and a timing device including a vacu- 
75 um tube having a grid and a cathode connected 
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to the output terminals of said network and an 
anode, a unidirectional current limiter and a 
meter connected in series with said anode, said 
vacuum tube being biased so that the current 
flows through said meter only during the suc- 
cessive intrvals starting from the rime the po- 
tential of the attenuation network is equal in 
magnitude and opposite in polarity fo the poten- 
tial of the comparative standard and terminat- 
ing at the start of the next hall square -wave 
cycle whereby the meter indication is propor- 
tional fo the duration of the current pulses ap- 
plied thereto, thereby fo express a logarithmic 
correlation of the amplitude of the input and the 
output signals. 
19. An electrical system with an output signal 
varying logarithmically with respect to an i- 
put signal comprising an input signal source, an 
attenuation network including a capacitor and 
a resistor series connected therewith, a square 
wave generator with an output terminal con- 
nected to the inpUt terminal of said netwrk, a 
rectifying diode for the positive portion of said 
input signal having an anode linked with said 
signal source and .a cathode, a ripple filter, a 
limiter diode having a cathode coupled to the 
rectifying diode cathode by said filter and an 
anode connected with the output terminal of said 
generaçor, a second rectifying diode for the neg- 
ative portion of said input signal having a cath- 
ode linked with said signal source and an anode, 
a second ripple filter, a second limiter diode hav- 
ing .an anode coupled to the second rectifying 
diode anode by said second filter and a cathode 
connected with the output terminal of said gen- 
erator, a direct power source, a connection fo 
continuously circulate a small current through 
said diodes fo increase the sensitivity and lin- 
earity thereof af low input signal levels so that 
the amplitude of the square wave impressed upon 
the network is proportional to said input signal, 
a resistor connecting said direct power source to 
said network fo supply a comparative attenuation 
standard potential, a timing device including a 
two stage amplifier having two interconnected 
vacuum tubes each having a cathode, a grid and 
an anode, the first stage grid and cathode being 
connected fo the output terminals of said at- 
tenuation ntwork, a series resistor connecting 
the flrst stage anode fo the director power source, 
said anode also being directly linked fo the sec- 
ond stage grid, a resistor connecting the sec- 
ond stage anode fo the power source, a unidi- 
rectional current limiter and a meter connected 
in series between the second stage anode and the 
power source whereby during the rime interval 
ïrom the energization of the network by a nega- 
tire wave from the square wave generator un- 
tri the attenuation reaches a. potential equal 
in magnitude and opposite in polarity fo the 
comparative standard .potential, the resultant 
negative potential on the grid prevents the first 
stage tube from conducting so that the posi- 
tive potential on the second stage grid causing a 
current te fiow through said meter, and connec- 
tions between the power source and said meter 
directing a reverse current therethrough in the 
absence of current in the circuit of said second 
stage anode during the intervals when the-first 
stage gri is ata positive potential, whereby .the 
meter indication is propotional to the duration 
of the current pulses applied thereto, thereby 
fo express a logarithmic corre]ation of the ampli- 
rudes of the input and output signals. 
20. An electricalsystem with an output signal 

varying legaritlmiclly with -respect to an input 
signal comprising .an inpu:t signal source, an at- 
tenuation network including .a capacitor and a 
resistor series ,connected therewith, a full wave 
5 rectifier connected with said input signal source, 
a ripple filter coupling the rectifier with the 
input .terminals of said attenuation network 
whereby a -negative potential proportional lo the 
amplitude of the input signal is impressed upon 
lo the netwmk as a comparative attenuati.on stand- 
ard, a square wave generator having an output 
terminal connected te .the input terminal of said 
network, a direct power sour.ce, a-bleeder resistor 
connected to said power source, a diode having a 
15 cathode cmmected fo the more positive terminal 
of said'bleeder resistor and an anode connected to 
the output terminal of said-generator thereby fo 
limit the positive peak amplitude of the square 
wàve rom aid generator, a second diode having 
20 an anode .cow.oEected fo th more negative termi- 
nal of said bleeder resistor and a cathode con- 
nected to the output erminal of said generator 
thereby to limit the negative peak amplitude of 
the square wave from said.ienertor, and a tirn- 
fi3 ing device including two vacuum tubes intercon- 
nected as a two-stage amplifier and each having 
a cathode, a g#id .and an anode, the first stage 
 grid and cathode being connected to the output 
termina!s of said attenuaion network, a series 
30 resistor connecting .the first stage anode to the 
output terminal of said generator, said anode 
.a]so being directly linked fo the second stage 
grid, a resistor connecting the second.stage anode 
to the power source, a current limiter and a meter 
3 connected .in series between the second stage 
aiode and the ,power source wheïeby during the 
interval beginning at the rime the potential of 
the attenution-network ix equal .in magnitude 
and opposite in polarity tWthe potential of the 
40 
comparative standard and terminating ai the 
start of the next half-way cycle by the reversal of 
pola.i.ty of the potenia] upon the first stage 
-anode so that he meter indication is propor- 
tional .to the duration of the current pulses ap- 
45 
plied thereto, .thereby te express a logarithmic 
correlation of the amp]itude of the input and 
utput signals. 
21.-An electrical .netwo:'k-for completely cut- 
9 ting off the fiow of current in the output circuit 
ïn respo_se fo s. predeterminate change fl the 
potential of an-input signal comprisiug a direct 
porter seurce,-aninp.ut signal source, a twostage 
amplifier inclding two i]terco.nneeted vacuum 
,55 tubesëach.having a cathode, a:grid and an anode, 
the first stage grid and cathode being connected 
fo the .output terminals of said input signal 
source,alseriesresistor connecting the îïrst stage 
anode 'to thedirect:power source, said anode also 
60 being-directly linked to the.secod stage grid, a 
resistor connecting the .sond stage anode fo the 
 power :source,-and a unidirectional e!ement-con- 
neeted-in-series .with the eutput, terminals be- 
tween :the .second-stage anode and .the power 
65 sourcein.parallel with the resistor connecting the 
second stage anode tOlthe power source, Whelreby 
.the.application to the first stage grid of a sign_.l 
having a po.tential .characteristie to. cause.a out- 
rent .fiow through the resistor in seïies with the 
70 first.stage anode results in a voltage drop which 
impresses upon the second stage grid negative 
potentïal suiïïcient to..c.t off t!i second stage ube 
"so-hata/positive:potential is-impressed upon the 
unidirectional element in the sense-fo prevent 
'7 said element Irom conducting. 
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22. An electrical network for completely cut 
rng .off the flow of cum-ent in the output circuit 
in response o a predetrminate change in the 
potential of an inpui signal comprising a direct 
power source having a voltage apportioning 
pedance connected thereto, an input signal 
source, a two-stage amplifier including two intr- 
connectd vacuum tubes each having a cathode, a 
grid and an anode, the first stage grid and cath- 
ode being connected to the outut terminals of 
sald input signal source, a series resistor connect- 
ing te first stge anode to the direct power 
source, said anode also being directly linked to 
the second stage grid, a resistr connecting the 
second stage anode t the power source., and a 
unidirectional element connected in series with 
te output terminals o said network between the 
second stage anode and a portion of said imped- 
ance ata lower voltage than the power source, 
whereby the application to the first stage grid oï 
a signal having a potential characteristic fo cause 
a current flow trough the resistor in series wit 
te first stage anode result in a voltage drop 
which impresses upon the second stage grid a 
negative potntial suflicient t out off the second 
stage tube so that a positive potential is impressed 
upon the unidirectional element in the sense to 
prevent said element from conductng. 
23. An electrical systm with an output signal 
varying logarthmically with respect fo an input 
signal comprising an input signal source, an 
tnuation network including a capacitor and a 
resistor series connected therewit, a square 
wave generator wit an output terminal con- 
nected to the input terminal of said network, a 
rectifying diode for the positive portion of said 
input signal having" an anode linked with said 
signal source and a cathode, a ripPle filtr, a 
limitr diode having a cat, hode coupled fo the 
rectifying diode cathode by said filter and an 
anode connected with the output terminal of said 
generator, a second rectifying diode for the nega- 
tire .portion of said input signal having a cathode 
linked with said signal source and an anode, a 
second ripple filtr, a second limitr diode having 
an anode coupled to the second rectfying diode 
anode by said second filtr and a catode con- 
nectcd with the output trminal of said gen- 
erator, a direct power source having a voltage 
apportioning impedance connected teret, a 
connection to said impedance for continuously 
circuiating .the small current through said diodes 
.t increase the sensitvity and linearit thereof 
af low input signal levels so that the amplitude of 
te square wave impressed upon te network is 
proportional fo said input signal, a resistor con- 
necing sald voltage apportoning impedance to 
said network fo supply a comparàtive attenuation 
standard potential, a tming device including a 
two stage amplifier having two interconnectd 
vacuum tubes each having a cathode, a grid and 
an anode, the first stage grid and cathode being 
connected to the output trminais of said attenu- 
ation network, a series resistor connecting the 
first stage anode to the direct power source, said 
anode also. being directly linked t the second 
stage grid, a resistor c0nnecting he second stage 
anode fo the power source, a unidirectional out- 
rent limiter and a meter connected in series 
tween the second stage anode and a portion of 
sald impedance ai a lower potntial than the 
power squrce, said seco.nd stage catode being 
connected toa portion of said impedance ata 
lower potential than the meter connection, 
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whereby dm'ing the rime interval ïrom the ener- 
gization of the network by a negative wave from 
the square wave generator tmtil the atenuation 
reaches a potential equal in magnitude and oppo- 
.5 site in polarity .to the comparative standard po i 
eniial, the resultant negative potential on the 
grid prevens the first stage tube fron] conducting 
so that the posi.tive potential on the second stage 
grid causing a .outrent fo fiow through said meter, 
10 and connections between the power source and 
said meter directing a reverse current there- 
through in the absence of current in the circuit 
of said second stage anode during the intervals 
when the first stage grid is ata positive potential, 
15 whereby he meter indication is proportional to 
the duration of the current pulses applied there- 
.to, thereby to express a logarithmic com-e]ation 
of the amplitudes of the input and output signais. 
24. An electrical system with an output signal 
20 varying logarithmically with respect to an input 
signal comprising an input signal source, an 
.tenuation netwoçk, including a capacitor and a 
resistor series connected herewith, a full wave 
rectifier connected with said input signal source, 
25 a ripple tirer coupling the rectifier with one of 
the input terminals of said attenuation network 
whereby a negative poential proportional to the 
amplitude of the input signal is impressed upon 
the network as a comparative attenuation stand- 
3O ard, a square wave generator having an output 
termina] connected fo the second input terminal 
of said network, a direct power source having a 
voltage apportioning impedance cormected there- 
OEo, a bleeder resistor connected fo sald power 
35 source, a diode having a cathode connected to 
the more positive terminal of said bleeder resistor 
and an anode connected fo the output terminal 
of said generator thereby fo limit the positive 
peak amplitude oî the square wave from said 
40 generator, a second diode having an anode con- 
nected fo the more negative terminal of said 
bleeder resistor and a cathode connected fo the 
output terminal of said generator thereby to limit 
the negative peak amplitude of the sqç:are wave 
45 from said generator, and a timing device includ- 
ing two vacuum tubes interconnected as a two 
stage amphfier and each having a cathode, a grid 
and an anode, the first stage grid and cathode 
being connected fo the output teïminals of said 
50 attenuation network, a series resistor connecting 
the first stage anode to. the output trminal of 
said generator, sald anode also belng directly 
linked to the second stage grid, a resistor con- 
necting the second stage anode o the power 
55 source, a current limiter and a meter connected 
in series between lhe second stage anode and a 
portion of the impedance .ata lower potential 
than the power sotrrce sald second stage cathode 
being connected toa portion of said impedance 
60 ai a lower potential than the meter connection, 
whereby during the interval beginning af the rime 
the potential o the attenuation network is equal 
in magnitude and opposite in polarity te the 
potential of the comparative standard and termi- 
65 natini at the start of the next half-way cycle by 
the reversal of polarity oï the potential upon the 
first stage anode so that the meter indication is 
proportional ,fo the duration of the current puises 
applied thereto, thereby to express a logarithmic 
70 correlation of the amplitude of the input and 
output signals. 
ALFRED WILSON NOLLE. 
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